To assess the frequency of asymptomatic plasmodial infections in young children living in an area of hyperendemicity, a cohort of 200 children in Gabon was investigated longitudinally. Of 660 cases of Plasmodium falciparum infection, 77% were symptomatic at the time they were identified and only 7% were preceded by an asymptomatic phase of 14 days. Sickle cell trait, glucose-6-phosphate dehydrogenase deficiency, and mutation in the promoter region of tumor necrosis factor (TNF Ϫ376A/Ϫ238A ) were significantly associated with asymptomatic P. falciparum infection ( , P p .03 P p , and , respectively). We conclude that true .009 P ! .001 asymptomatic cases of P. falciparum infection are uncommon in young children and that single measurements or measurements made at long time intervals will lead to a strong underestimation of the incidence of malaria.
acquiring immunity. It has been shown that children with P. falciparum infection can remain asymptomatic for many days and that, often, symptoms occur only when a new P. falciparum genotype appears [2] . Cross-sectional studies in areas where malaria is endemic generally show high rates of P. falciparum infection, with only a small percentage of individuals with clinical symptoms. However, since an individual may have had symptoms shortly before or after examination, only longitudinal studies with close follow-up will be able to show the true incidence of asymptomatic cases.
Hemoglobinopathies, such as sickle cell trait and other hostresistance factors, may lead to the establishment of asymptomatic malarial infection. Because these factors presumably lead to inhibition of parasite growth, and because a rise in parasitemia is often accompanied by symptoms, they may contribute to long asymptomatic courses of infection in the host. A longitudinal study of Gabonese children gave us the opportunity to examine the characteristics of asymptomatic plasmodial infection and the relationship of such infection to host resistance factors.
Patients and methods. The study took place in Lambaréné, Gabon, at the Medical Research Unit of Albert Schweitzer Hospital. In this region of central Africa, P. falciparum transmission is hyperendemic [3] , with an entomological inoculation rate of ∼50 infective bites per person per year [4] . Informed consent was obtained from all patients' parents or guardians, and the study was approved by the ethics committee of the International Foundation of the Albert Schweitzer Hospital in Lambaréné.
The patients were part of the cohort of 200 children followed by our group since 1995. From 1995 through 1996, 100 children hospitalized for severe malaria (the "severe group") were matched by sex and age with 100 children hospitalized with mild malaria (the "mild group"). After treatment was received, the children entered a longitudinal observation phase in which our aim was to evaluate the role of immunologic, socioeconomic, and parasitological factors associated with the severity and frequency of malaria. An active follow-up was done every second week. At each visit, blood was obtained for analysis, rectal temperature was recorded, and clinical examination was done. Giemsa-stained thick blood films were prepared and assessed for asexual parasitemia (measured as parasites/mL) with use of the Lambaréné method [5] . Parents were urged to bring their child to the hospital between the scheduled visits if the child showed any symptoms.
Children with a positive malaria blood smear result that was not accompanied by symptoms underwent parasitological and clinical evaluation daily in the evening. After 7 days of asymptomatic parasitemia, the children were checked every second or every third day until they had become either symptomatic or free of parasites. Symptoms were defined as fever (rectal temperature, у38.3ЊC) or a history of fever, or other symptoms suggestive of malaria (e.g., headache, vomiting, and weakness).
Mothers were asked at every visit to report possible symptoms. If malaria symptoms were likely according to these descriptions, the infection was terminated by treating the child with sulfadoxine/pyrimethamine. If a child was found with a symptom at one of the routine visits, or if the mother brought the sick child to the hospital, the infection was considered to have no asymptomatic phase (i.e., 0 days of asymptomatic infection).
The methods used to determine the erythrocytic polymorphisms and the polymorphisms in other genes of the children were described elsewhere [6] [7] [8] [9] . In brief, hemoglobin was typed by acetate cellulose electrophoresis, Southern blotting was used to determine the a-thalassemia genotype, and glucose-6-phosphate dehydrogenase (G6PD) alleles were analyzed by PCR amplification and subsequent hybridization [6] . The point mutation in the intercellular adhesion molecule-1 (ICAM-1) gene and the mutations in the promoter region of the NO synthase-2 (NOS2) gene were investigated by restriction analysis of DNA fragments generated by PCR [7, 8] . The proximal region of the TNF gene promoter was amplified by PCR and subsequent hybridization [9] .
ORs and exact 95% CIs were calculated for each variable to assess the risk of developing malaria symptoms. P values were calculated using the x 2 test, and a P value of !.05 was considered significant. Analyses of the association between genetic traits and asymptomatic infections were based on infections rather than subjects. Thus, children with 11 infection were considered more than once in the analysis.
Results. The detailed clinical and laboratory characteristics of the 200 children at admission to the hospital have been published elsewhere [10] . In brief, there were 39 boys and 61 girls in each group (i.e., in the severe and the mild groups), the mean age at admission was 44 months (SD, ‫,)4.2ע‬ and the children were followed up for a mean period of 2.2 years (SD, ‫)4.1ע‬ at the time of the study.
Four years after the study began, 660 P. falciparum infections had been recorded in this population (mean infection rate, 1.5 infections/child/year). Data on the time from the positive blood smear result until the onset of symptoms were available for 650 cases. A total of 502 infections (77%) were identified at a time point when the child was sick or had been sick in the preceding days (figure 1). In most instances, this identification was made at times other than the scheduled follow-up visits (i.e., when the mother brought her sick child in for treatment). Of the 650 infections for which data were available, 148 (23%) were asymptomatic for у1 day and only 43 (7%) were asymptomatic for у5 days (figure 1). Patients in the mild group tended to have more asymptomatic infections than did patients in the severe group. Fifty-six percent of all asymptomatic infections and 35% of all symptomatic infections were observed of patients in the mild group, whereas 44% of all asymptomatic infections and 65% of all symptomatic infections occurred during follow-up in children in the severe group (OR, 2.4; 95% CI, 1.2-4.7;
). More than 1 episode of asymptomatic P p .005 infection of at least 5 days' duration occurred in 8 children, and a maximum of 3 asymptomatic episodes of this duration occurred in 3 children. An asymptomatic infection of 130 days' duration occurred in 10 patients, and an asymptomatic infection of 1100 days' duration (120 and 156 days) occurred in 2 patients. In 4 cases of asymptomatic infection, the parasites cleared without treatment.
In a comparison of the mean age of patients at the time of infection, we found a significant difference between the patients who never experienced an asymptomatic infection (mean age, 5.7 years; SD, 2.2) and those who experienced у1 asymptomatic infection (mean age, 6.8 years; SD, 2.2;
). The P p .001 mean level of parasitemia during the asymptomatic phase was significantly lower than that during the symptomatic phase (165 vs. 210 parasites/mL; ). P p .02 Table 1 shows the percentages of asymptomatic and symptomatic cases according to the genetic characteristics of the children. Significant associations were found between asymptomatic infection and the presence of sickle cell trait, G6PD deficiency, and polymorphisms in the promoter region of the TNF gene. No association could be found between asymptomatic P. falciparum infection and the presence of the ICAM-1 mutation, the NOS2 polymorphism, a-thalassemia, and blood groups A, B, O, or AB.
Discussion. Very few P. falciparum infections in the children in the present study were preceded by an asymptomatic phase. Only 7% of all infections had an asymptomatic course that lasted 14 days. Because follow-up was done every second week, the children had had parasitemia for an unknown number of days preceding the identification of the parasites. However, it is striking that most children showed symptoms soon after parasites were found. This may be due to the fact that symptoms were often identified on the basis of the description of the mothers and that such symptoms might, therefore, have been false positives. We cannot exclude the possibility that the mothers' knowledge of the parasitemic status of their children may have impacted the likelihood that symptoms were reported. However, we believe that most reports were of genuine malaria symptoms and that asymptomatic malarial infection lasting longer than a few days was the exception rather than the rule. The situation seems considerably different from that of adults living in areas of high endemicity who, as a result of frequent infection, have become semi-immune to malaria and who can experience long periods of asymptomatic parasitemia. Differences in the production of antibodies and cytokines that are necessary to combat parasites but cause fever in children are likely to account for the difference in the period of asymptomatic infection in children compared with that in semiimmune adults. Fully developed immunity against P. falciparum infection that relies mainly on specific antibodies would, therefore, be less likely to be accompanied by fever. An important limitation in the interpretation of our results was that genotyping was not done to determine whether the progression from asymptomatic to symptomatic infection coincided with persistent infection or with new infection by a different parasite strain. Furthermore, PCR was not used to detect lower-level parasitemia (which is detectable only by PCR). However, close follow-up with parasite genotyping was done for asymptomatic infections in 10 children in the present study. A strong association has been found between the emergence of new P. falciparum genotypes, increases of parasitemia, and the occurrence of malaria symptoms [2] . In addition, the results of genotyping of the parasite populations collected during successive malaria episodes in our cohort were different from one infection to the next in most of the cases and indicated that reinfection was caused by a new parasite strain [11] .
Studies in which parasitemic children are closely followedup are rare. In the 1950s, the parasitemia level and temperature were determined almost daily for a period of ∼2 years for a group of 26 children in The Gambia [12] . Unfortunately, data for only 1 of these children have been published. Apparently, long periods of low levels of parasitemia were observed in a few children, and elevated levels of parasitemia were always accompanied by fever in the child described in the published report. More information is available from a study, conducted in Puerto Rico, of 76 children aged 5-15 years who were examined at weekly intervals, at which time blood smears were performed and oral temperature was recorded [13] . Antimalarial therapy was generally not administered. The authors reported that most cases showed a typical series of events: a sharp rise in P. falciparum parasitemia accompanied with fever lasting ∼1 week, and a subsequent decrease in temperature and levels of parasitemia [13] . Several subjects would then have episodes of asymptomatic parasitemias lasting several weeks and, in some cases, several months. Although no numbers of asymptomatic infections were given, rises in levels of parasitemia without symptoms were described as being relatively infrequent [13] .
A similar study to the present one is currently being undertaken in 2 villages in Senegal. One finding in these studies is that almost all asymptomatic children had symptoms shortly before or after examination, once the level of parasitemia had reached a certain age-dependent threshold [14] .
These findings raise questions about the validity of casecontrol studies in which patients with malaria are compared with asymptomatic controls. Similarly, the search for host or parasite markers that are associated with asymptomatic infections is hampered when body temperature is not measured on a daily basis [15] [16] [17] .
Our data have shown that children with sickle cell trait or G6PD deficiency are more likely to have an asymptomatic P. falciparum infection than those without these polymorphisms. A previous study of the same study population has shown that, compared with children with hemoglobin AA, children with hemoglobin AS have, on average, lower parasite density [6] but have the same incidence of P. falciparum infections. Of interest, though no protective effect could be found for the development of severe malaria or the incidence of symptomatic infection in this study population, G6PD deficiency does lead to longer periods before symptoms appear. Most likely, parasite growth is inhibited in carriers of sickle cell trait and G6PD deficiency, thus reducing the risk of symptoms.
Another factor that can affect the outcome of P. falciparum infection is TNF. There are polymorphisms in the promoter region of the gene for this proinflammatory cytokine at positions Ϫ238 and Ϫ376, and both mutations were associated with asymptomatic infections in our study. It is confusing that these polymorphisms have, in the past, been associated with either higher, lower, or equal risks of developing severe malaria [9, 18, 19] .
Other genetic factors associated with protective effects against malaria (namely, the major blood group system, the ICAM-1 Kilifi mutation, the "Lambaréné" mutation in the promoter region of NOS2, and a-thalassemia) show no apparent effect on the development of long asymptomatic periods of P. falciparum infection.
In summary, we have shown that true asymptomatic cases of P. falciparum parasitemia are rare in children from our study area and that single measurements or measurements made at long intervals will lead to a strong underestimation of malarial disease in this population.
